There is increasing evidence that Contextual forms of Cognitive Behavioural Therapy (CBT) are effective in the management of chronic pain, yet little is understood about the factors that moderate or predict outcomes in these treatments. This systematic review aimed to identify pre-treatment participant characteristics associated with positive treatment responses in Contextual CBT for chronic pain. Medline, EMBASE, PsychINFO and CENTRAL were searched to identify eligible studies. Studies were included if the participants were adults with chronic pain, designs were longitudinal, treatments focused on psychological flexibility or mindfulness, and reported results allowed for examination of moderators or predictors of standard treatment outcomes. Out of 991 records initially identified, 20 were eligible for inclusion in the review. Some evidence suggested that baseline emotional functioning predicts treatment response, but the direction of this association varied between studies. Substantive findings were inconsistent and inconclusive, however, methodological limitations were consistent. These included treatment heterogeneity, and a lack of theoretical, a priori guidance in examining potential predictors. Future research should adopt a theoretically based approach to examining moderators in relation to specific treatment methods and therapeutic processes. Considering moderation without first considering mediation is probably a limited strategy. PROSPERO registration number: CRD42016038795.
Introduction
There is an established and growing body of evidence that psychological interventions, in particular Cognitive Behavioural Therapy (CBT), can be effective in the management of chronic pain 11, 14, 21, 28, 40, 51, 62 . At the same time there is increasing interest in the use of contextual forms of CBT such as Acceptance and Commitment Therapy (ACT) and mindfulness-based approaches to target chronic pain 37 . Rather than a predominant focus on control and change in the content of feelings, thoughts, and beliefs as in conventional CBT, the main focus of these approaches is on changing the influence of these experiences on a person's behaviour to improve overall quality of life 43 . ACT in particular is based on the psychological flexibility model, a model of a person's ability to act in line with meaningful goals and values whilst maintaining awareness and acceptance of thoughts and feelings [18] [19] [20] . Importantly, ACT emphasises a functional, contextual, and pragmatic approach to psychological experiences, and success is defined as progress toward one's goals. There is a growing, though certainly not definitive, evidence base suggesting that ACT and mindfulness-based interventions are effective in the treatment of chronic pain, including both individual trial data 3, 5, 24, 31-33, 35, 46, 57, 59-61 and systematic reviews 16, 22, 41, 53, 54 .
Despite the growing body of research indicating that contextual CBT may be effective for persistent pain, little is understood about the factors that predict or moderate treatment outcome. Predictors are factors that are correlated with outcomes regardless of whatever treatment is under study, whilst moderators are associated with the strength of the relationship of a particular treatment with outcome 15, 27 . Turk, 48 among others, highlighted a need to better understand the characteristics of patients who respond or fail to respond to psychological treatment in order to develop more effective individualised treatment approaches.
This call is echoed in recent meta-analyses where we are urged to find "which components of CBT work for which type of patient on which outcome/s and to try to understand why" (p 2, 62 ). Attempts to identify subgroups of patients that respond best to treatment have generally been exploratory and ad hoc, with little grounding in psychological theory. Further, most previous reviews have focused on psychological pain management interventions as a whole, rather than specifically focusing on one or several theoretically related treatment approaches. A systematic review of 16 RCTs of self-management approaches 38 concluded that self-efficacy and depression may be important predictors of outcome, but highlighted a lack of evidence on treatment moderators. In a review of moderators of psychosocial pain management interventions, Day and colleagues 8 again highlighted inconsistencies in the literature. It is possible that the inconsistencies in identifying moderators of outcome may be attributed to the wide variability in the treatment approaches and active treatment mechanisms represented in the included studies. The number of existing studies of contextual forms of CBT for chronic pain has now reached a level that a specific focus on moderators in these treatments may be possible. As far as we are aware this has never been done.
The purpose of the current study was to systematically review the evidence for moderators or predictors of outcome in studies of contextual CBT for chronic pain. This review aims to summarise the findings of published studies of any longitudinal design that aimed to identify participant characteristics associated with responses to ACT or mindfulness-based treatments for adults with chronic pain. These results will be divided according to available standard clinical outcomes in these studies. Study quality will also be examined.
Methods
The review protocol was registered on PROSPERO (http://www.crd.york.ac.uk/PROSPERO/; registration number: CRD42016038795). This review followed the statement on preferred reporting items of systematic reviews and meta-analyses (PRISMA; 39 see figure 1 ).
Literature search
A systematic literature search was conducted to identify eligible studies in relevant electronic databases (Medline, EMBASE, PsycINFO and CENTRAL). The search was conducted on 20 th April 2016 and the time period of the search was set as January 1974 to April 2016 across all databases. Additional studies were identified from the references of studies included in the current review. The search was conducted by one reviewer (HG) and included free text terms alongside electronic database indexing terms, where possible.
The search terms were selected to identify studies of any longitudinal design focused on ACT or mindfulness-based interventions for chronic pain syndromes (for further details of search strategy, see Supplementary Information).
Screening and Selection
Articles identified from the initial search strategy were screened by two independent reviewers (HG, RG) based on title and abstract according to the inclusion criteria agreed in the protocol for this systematic review. Any disagreements were resolved through discussion with a third reviewer (AK). Potentially eligible articles were then assessed for inclusion based on the full text of the article by two independent reviewers (HG, AK). Again, any disagreements were resolved through discussion with a third reviewer (LM). Studies were included in the current review if they employed longitudinal design and included an attempt to identify predictors or moderators of outcome from an ACT or mindfulness-based intervention for chronic pain. Only published studies of adults aged 18 years or over with chronic pain (defined as pain persisting for at least 3 months), reported in English, were included. Based on previous similar systematic reviews 38, 53 included conditions were non-specific musculoskeletal pain, chronic widespread pain, fibromyalgia, arthritis and osteoarthritis, neuropathic pain, whiplash associated disorders, complex regional pain syndrome, and chronic headache. Included treatments were delivered by any method, face-to-face, group, telephone-or internet-based, either in an individual or group format. The ACT or mindfulness methods could be conducted in any setting by therapists from any combination of disciplines, either as a stand-alone treatment or in conjunction with other treatment modalities. Finally, to be included in the review, studies must have used outcome measures from at least one of the following domains: pain intensity; pain interference; physical functioning; emotional functioning; social functioning; ability to work; sleep; or healthcare use.
Data extraction
Data was extracted by two independent reviewers (HG, RG), recorded on a standardized scoring sheet and cross-checked before inclusion in the review. Data extracted from the studies included in the final review included year of publication, study design, sample size, intervention setting, content, format, facilitators and duration/intensity, outcome assessment tools and timing, and potential moderators or predictors (associations with relevant outcomes).
Quality assessment
The methodological quality of each study included in this review was assessed by two reviewers (HG, AK) independently to determine risk of bias. When discrepancies arose in quality assessment ratings between the two reviewers, these were discussed with a statistician (DS) acting as third reviewer, until a consensus was reached. Quality assessment was conducted using an adapted version of the Hayden criteria 17 , a tool specifically designed to assess quality of studies of prognosis and prognostic factors. Hayden and colleagues 17 highlighted that there is limited consensus on methods by which to assess the quality of prognosis studies and developed a framework focusing on six areas of potential bias in study design: 1) study participation, 2) study attrition, 3) prognostic factor measurement, 4) measurement of confounding variables, 5) outcome measurement and 6) analysis. Risk of bias for each item was rated as low, moderate or high based on scoring guidelines. Consistent with the protocol described in Hayden et al. 17 , studies were classified as low quality when one or more areas of bias were rated as high risk, and high quality when risk of bias ratings for all six areas were low or moderate. There was an initial agreement rate of 77% between the two reviewers with regard to the rating of methodological quality of studies and the majority (89%) of the identified discrepancies were resolved in discussion between the two reviewers. The few cases where this was not possible were focused mainly on the suitability of statistical analysis to look at prognosis/ predictors of outcome. The discrepancies were resolved in consultation with the statistician.
Analyses
Results of studies were examined to identify baseline variables associated with relevant treatment outcomes. Outcomes were categorized under separate headings after data extraction, based on the particular outcome measures employed in the included studies. The aim was to combine associated outcome measures for ease of interpretation and to avoid redundant categories due to limited studies.
Because of the large variability in study design, predictors, outcomes and treatment protocols between the studies included in this systematic review, a meta-analysis was not performed.
Results

Included studies
The initial electronic search strategy produced 958 articles and another 33 from hand searching of reference lists of identified studies and closely related studies. After duplicates were removed 484 article titles and abstracts were screened and 144 full length articles were obtained and reviewed for eligibility. After fullarticle screening, 90 articles were identified as potentially eligible treatment outcome studies of contextual CBT for chronic pain. At this stage, studies were not screened for predictor or moderator analyses but were included if they met all other inclusion criteria. Out of these 90 treatment outcome papers, 20 articles were considered eligible for final inclusion in the review because they included an analysis of predictors or moderators of outcome (see Figure 1 for flow chart). In only 7 of these 20 papers was the study designed to investigate predictors or moderators as opposed to these analyses being exploratory or post-hoc. Several studies used the same dataset but considered different predictors or different follow-up time periods. These duplications were noted and each of these 20 papers were included in the final review.
Outcome measures
Following data extraction, outcome measures were categorized under eight main headings: pain, healthrelated quality of life, social functioning, psychosocial disability, physical functioning, emotional functioning, overall pain-related interference and 'other'. For the purposes of this review, single items from the Brief Pain Inventory (BPI) interference subscale were categorized separately under the most relevant heading, with the items 'interference in enjoyment in life' and 'interference in general activity' classified under the category 'health-related quality of life'. When total interference score was used (from either the Brief Pain Inventory or Multidimensional Pain Inventory interference subscales), this was classified under the heading 'overall pain-related interference'. Due to small numbers of articles reporting on some outcomes (global treatment response, sleep, fatigue, work, medical visits, patient impression of change), these outcomes were incorporated under the heading 'other'. For the purposes of this review, the term 'global treatment response' refers to cases where a combination of measures from different outcome domains were used to generate composite scores or to classify treatment 'responders' vs 'non-responders'.
Characteristics of included studies
Characteristics of the 20 included studies are presented in Supplementary Table 1 . The majority were cohort studies or RCTs, eight of each, with the remainder of the studies comprising three controlled clinical trials and one cohort analytic design. Sample size ranged from 58 to 590 participants, with the majority of samples comprising adults with mean age between 39 and 62 years (two studies did not specify mean age).
Two studies included women only. In most of the remaining studies the majority of participants were women, with the exception of two studies 12, 58 where the ratio of men to women was approximately 1:1.
Eleven studies used a mindfulness-based intervention, and nine used an acceptance-based approach. Seven studies used an intensive, typically residential, rehabilitation approach whilst eleven were outpatient programs consisting of weekly, fortnightly or bi-weekly sessions. Two studies focused on internet-based interventions, one nine weeks and one up to six weeks in duration. For chronic pain conditions, thirteen studies included mixed chronic pain samples, whilst one specified chronic musculoskeletal pain, two included fibromyalgia (FM) samples, two included Rheumatoid Arthritis samples, one "provoked vestibulodynia", and one chronic tension-type headache.
Quality of included studies
Out of the twenty studies included in the current review, nine scored as 'low quality' and eleven scored as 'high quality' as rated using the Hayden criteria 17 . None of the twenty studies scored as low risk across all six areas of bias (see Table 1 ). It is important to note that the majority of studies, thirteen of the twenty, were not designed primarily to look at moderators or predictors; as such, quality ratings of the statistical analysis of studies in accordance with the quality assessment tool (specifically developed for studies evaluating prognostic factors) were reduced as consequence. Therefore, a rating of low quality in this review does not necessarily indicate that the study was not methodologically sound overall, but just that the methods employed were considered not robust for evaluating prognostic factors. See Table 1 for a full summary of risk of bias ratings and overall study quality for the twenty studies included in this review.
Predictors of outcome
Pain
There were eight studies that investigated predictors of pain outcomes, two of which identified significant predictors (see Table 2 and Supplementary Table 2 ). One high quality study used a mindfulness-based intervention with a female sample (n=85) seeking treatment for Provoked Vestibulodynia 2 . The second low quality study used an ACT intervention with a mixed gender and mixed chronic pain condition sample (n=287) 34 . Findings suggest that higher pre-treatment allodynia severity 2 , being highly disabled 34 and having a higher number of comorbid chronic pain conditions 2 may predict worse pain outcomes. None of these three possible predictors were investigated as predictors of pain outcomes in any other studies.
Six other studies found no significant associations with pain outcomes from baseline anxiety scores 4 , history of depression 6 or history of recurrent depression 7, 64 , as well as longer pain duration, years of education, older age and gender 55, 56 . Four of these six studies were rated as high quality 7, 55, 56, 64
Health-related quality of life
Three studies investigated predictors of outcomes in health-related quality of life (HRQL), all of which identified significant predictors (see Table 2 and Supplementary Table 2 ). All three included mindfulnessbased interventions. One study included a female only sample with chronic musculoskeletal pain 1 whilst two included mixed-gender samples of mixed chronic pain conditions 13, 42 . Across these three studies, four potential predictors of HRQL were identified. One high quality study (n=115) reported that longer pain duration predicted less interference in enjoyment of life 13 . However, the same study also found a nonsignificant association between duration of pain and interference in general activity. One low quality study (n=133) found that having arthritis as the diagnosed pain condition (compared to back/neck pain, headache/migraine, fibromyalgia or comorbid pains) 42 predicted better outcomes for HRQL and one high quality study (n=269) found that having a lower baseline HRQL 1 predicted better outcomes for HRQL. Having chronic headache or migraine as the diagnosed pain condition predicted worse outcomes for HRQL 42 . None of these four possible predictors were investigated in relation to HRQL outcomes in any other studies.
In contrast, one high quality study using a mindfulness-based intervention 13 did not find evidence for an association between gender, age, years of education, income level or baseline opioid misuse with outcomes for interference in enjoyment of life or general activity.
Social functioning/interpersonal relations
Three studies investigated predictors of social functioning outcomes 6, 7, 13 , two of which identified possible predictors (see Table 2 and Supplementary Table 2 ). Both included mindfulness-based interventions, with one focused on a fibromyalgia sample (n=79) 6 and the other on a mixed chronic pain condition sample (n=115) 13 . Between these two studies, two potential predictors of social functioning outcomes were identified. One high quality study 13 found an association between longer pain duration at baseline and less interference in relationships post-treatment. Pain duration was not investigated in relation to social functioning outcomes in any other study. One low quality study 6 found that depression history moderated group effects on loneliness and family stress, such that those with a positive history of depression showed greater improvements in family stress and loneliness that were specific to the mindfulness-based intervention compared to a control intervention. However, the same study also found no significant associations between history of depression and social activity engagement or family enjoyment 6 . A further high quality study of a mindfulness-based intervention (n=144) found no significant association between history of recurrent depression and improvements in interpersonal stress 7 . No significant associations were found between gender, age, years of education, income level, and baseline opioid misuse with social functioning outcomes on the basis of one study 13 .
Psychosocial disability
Five studies investigated predictors of psychosocial disability outcomes, two of which identified possible predictors (see Table 2 and Supplementary Table 2 ). Both included mixed chronic pain condition samples and an ACT intervention 34, 55 . Between these two studies, two possible predictors were identified. One low quality study (n=287) identified that those who were more highly disabled appeared to make greater improvements in psychosocial disability outcomes 34 . Disability was not investigated as a predictor in any other study. One high quality study (n=171) identified that greater years of education was associated with larger improvements in psychosocial disability 55 . In contrast, two other low quality studies and one high quality study, all using ACT interventions found that years of education was not significantly associated with psychosocial disability outcomes 32, 56, 57 . On the basis of two low quality and two high quality studies of ACT interventions, no associations were found between gender, older age and pain duration with psychosocial disability outcomes 32, 55-57 .
Emotional functioning
There were twelve studies that investigated predictors of emotional functioning outcomes, six of which identified potential predictors (see Table 2 and Supplementary Table 2 ). Four studies included mixed chronic pain samples 25, 34, 42, 55 , one study included a fibromyalgia sample 6 and one study focused on participants with rheumatoid arthritis 64 . Four were studies of mindfulness-based interventions 6, 25, 42, 64 and two were of ACT interventions 34, 55 . Across these six studies, five potential predictors were identified for various aspects of emotional functioning. One low quality study (n=90) reported better outcomes for psychological distress were predicted by being female 25 . However, three high quality studies 13, 55, 56 and two low quality studies 32, 57 found no association between gender and emotional functioning outcomes. Being in pain for longer 55 led to better outcomes for depressive symptoms at post-treatment on the basis of one high quality study (n=171). However, two other high quality studies 13, 56 and two low quality studies 32, 57 found no association between pain duration and emotional functioning outcomes. On the basis of one low quality study (n=79), having a positive history of depression was associated with an increase in positive affect 6 but not with a reduction in negative affect. One high quality study (n=144) identified that history of recurrent depression was associated with better outcomes for both positive and negative affects but not for depressive symptoms 64 . History of recurrent depression was investigated as a predictor of emotional functioning outcomes in one other high quality study, which found no significant association 7 . One low quality study (n=133) identified that having fibromyalgia compared to other conditions predicted smaller improvements in psychological distress 42 . Another low quality study (n=287) identified that being highly disabled led to better outcomes for emotional functioning 34 . Neither of these predictors were investigated in relation to emotional functioning outcomes in any other studies.
Three high quality and two low quality studies (four ACT, one mindfulness) found no significant associations between age or years of education with emotional functioning outcomes 13, 32, 55-57 . No significant associations were found between income level 13 , pre-treatment pain intensity 12 , history of recurrent depression 7 , Pictorial Representation of Illness and Self Measure (PRISM) score and helplessness at baseline 12 , and baseline opioid misuse 13 in mindfulness-based interventions with emotional functioning outcomes.
Physical functioning/ physical disability/ functional measures
There were nine studies that investigated predictors of outcomes in physical functioning or physical disability and four identified possible predictors (see Table 2 and Supplementary Table 2 ). All studies used mixed chronic pain samples; three included ACT 34, 52, 55 and one a mindfulness-based intervention 12 . Four potential predictors were identified for various aspects of physical functioning and physical disability. Gender was found to be a significant predictor of physical activity outcomes on the basis of one low quality study (n=87), with women showing greater increases in physical activity than men 52 . However, three high quality studies
and two low quality studies found no association between gender and physical functioning outcomes 13, 32, 55-
57
. One high quality study (n=119) suggested that lower pre-treatment pain intensity significantly predicted greater improvements in physical functioning 12 . However, one low quality study suggested no association between pre-treatment pain intensity and physical functioning outcomes 52 . Higher numbers of years of education was found to predict greater improvements in physical functioning at post-treatment based on one high quality study (n=171) 55 . However, two high quality studies 13, 56 , and two low quality studies 32, 58 found no association between years of education and physical functioning outcomes. One low quality study suggested that being highly disabled led to smaller improvements in physical disability and functional performance measures (n=287) 34 . Disability was not investigated as a possible predictor in any other study.
There were also many findings of non-significant associations with physical outcomes. Five studies (four ACT, one Mindfulness-based; three high quality, two low quality) reported non-significant findings for older age and pain duration 13, 32, 55-57 . Physical outcomes were also not found to be significantly associated with income level and baseline opioid misuse 13 , history of recurrent depression 7 , baseline PRISM and helplessness scores 12 in mindfulness-based interventions. Additionally, one low quality study of ACT 52 found that baseline pain intensity and interference, presence of major depressive disorder, baseline depression and pain-anxiety scores, or baseline physical and mental health as measured by the SF-12, did not predict outcomes for physical functioning.
Overall pain-related interference
Two studies investigated predictors of overall pain-related interference or impact on daily living for an ACT intervention in a mixed chronic pain sample 47, 58 (see Table 2 and Supplementary Table 2 ). One high quality study (n=114) found that the interaction between age and treatment was a significant predictor of treatment response for overall interference, with older adults responding better specifically to ACT 58 . Age was not investigated as a predictor of overall interference outcomes in any other study. One high quality study (n=238) found that higher psychological wellbeing at baseline led to better outcomes specifically for ACT 47 . Having lower depression and anxiety and higher emotional wellbeing at baseline were also significant predictors of better outcome for pain-related interference, although these were not specific to the ACT intervention 47 . In contrast, one high quality study 58 found no significant association between baseline depression and outcomes for overall interference. On the basis of one high quality study, higher baseline pain intensity was associated with better outcomes specifically for ACT 47 . Baseline pain intensity was not investigated in relation to pain-related interference outcomes in any other studies.
Other outcomes (global treatment response, sleep, fatigue, work, medical visits, patient impression of change)
Two studies investigated predictors of global treatment response (i.e. where a combination of measures from different outcome domains were used to generate composite scores or to classify treatment 'responders' vs 'non-responders') 25, 26 (see Table 2 and Supplementary Table 2) . One low quality study of a mindfulness-based intervention in a fibromyalgia sample found that being employed might predict better outcomes in terms of global treatment response (n=77) 26 . Being employed was not investigated in relation to global treatment response in any other studies. The same study 26 found no significant associations with gender, age, education and pain duration, whilst another low quality study (n=90) 25 also found no significant associations between gender or diagnostic category (low back, headache, or neck and shoulder pain) with global treatment response in a mindfulness-based intervention.
Two high quality studies investigated predictors of improvements in sleep or fatigue, both of which identified possible predictors 7, 13 (see Table 2 and Supplementary Table 2 ). One study of a mindfulnessbased intervention with participants with rheumatoid arthritis (n=144) 7 identified that a history of recurrent depression moderated improvements in fatigue, such that those with a history of recurrent depression showed greater improvements in a mindfulness-based therapy compared to a CBT or education-based intervention. The other focused on a mindfulness-based intervention in a mixed chronic pain condition sample (n=115) and suggested that longer pain duration was associated with greater improvements in interference with sleep 13 . Neither history of depression nor pain duration were investigated in relation to outcomes for sleep or fatigue in any other studies. Gender, age, years of education, income level, or baseline opioid misuse, were not found to be associated with sleep interference outcomes on the basis of one high quality study 13 .
Finally, six studies (four high quality, two low quality; five ACT, one mindfulness) reported on outcomes for work, medical visits or patient impression of change. Gender, age and pain duration 13, 32, 43, 55-57 , years of education 13, 32, 55-57 , income level and baseline opioid misuse 13 were investigate as potential predictors for one or more of these outcomes, but no significant associations were found.
Discussion
To our knowledge this is the first attempt to systematically review predictors or moderators of treatment outcome in response to contextual CBT for chronic pain. The findings demonstrate a relative absence of high-quality evidence in this area of research. Out of ninety studies that investigated treatment outcomes for contextual CBT for chronic pain, only twenty investigated predictors or moderators and only seven were specifically designed to investigate predictors or moderators rather than these analyses being post-hoc or exploratory. For the majority of predictors the evidence was inconclusive due to the small number of studies investigating each predictor or inconsistent findings between several studies.
On the basis of this review, there was some evidence that higher psychological distress or history of depression might lead to greater improvements in mindfulness-based interventions for chronic pain 6, 7, 64 .
These findings appear consistent with the general literature suggesting that Mindfulness-Based Cognitive Therapy (MBCT) may be more effective for those with a history of several depressive episodes 29, 30, 44, 63 . In contrast, one high quality RCT 47 found that lower psychological distress led to greater improvements in painrelated interference, whilst another found no association between baseline depression diagnosis and outcomes for pain-related interference 58 . One explanation for these apparently opposing findings could be that the latter studies 47, 58 included online ACT interventions in contrast to the face-to-face mindfulnessbased approach adopted in the other studies 6, 7, 64 , but the number of studies included in this review is too small to draw conclusions. A further consideration is that smaller improvements for those with lower psychological distress at baseline may not reflect less susceptibility to treatment but may merely be due to ceiling effects. That is, those with greater psychological distress at baseline may have more room for improvement. Future research should aim to identify which aspects of emotional functioning predict better treatment response in contextual CBT, and whether these predictors differ depending on the specific treatment approach, the specific methods or delivery mode used, and the outcomes used to define treatment response.
The findings of the current review with regard to demographic predictors of outcome were largely inconsistent, but most typically nonsignificant 13, 25, 26, 32, 43, 52, 55-58 . These findings appear consistent with the previous literature, where attempts to identify any significant relationships between demographic variables and treatment outcome have been largely unsuccessful 36 . In terms of baseline symptoms, the findings of this review were again mixed. Multiple studies investigated pre-treatment pain intensity as a potential predictor with conflicting findings 2, 12, 47, 52 and there were inconsistent findings on the role of longer pain duration across different outcome domains 13, 55, 26, 32, 43, 55-57 . Previous findings on the impact of pain intensity 45, 49, 50 and pain duration 9 on outcome have also been inconsistent and the possible role of ceiling effects should again be considered when interpreting findings related to baseline symptomology. There was limited evidence on the role of chronic pain diagnosis on outcomes 2, 42, 25 , although one high quality study found that having a higher number of comorbid chronic pain conditions may predict worse outcomes for pain in a mindfulness-based intervention 2 . A recent systematic review of ACT and mindfulness-based interventions suggested no differences in treatment response between different types of chronic pain 53 . Importantly, no differential patterns were identified between ACT and mindfulness-based methods across any of these potential predictors.
Although the treatments examined here are members of the class of contextual forms of CBT, the designs of treatment reflect significant variability including methods, dose, delivery format and so forth. In many cases, intervention packages also included several components that were modified from, or in addition to, ACT or mindfulness-based approaches (e.g. education around nutrition/ sexual function/ communication/ sleep hygiene etc.). Interventions most likely also include differences in the therapeutic mechanisms or processes they were able to engage. We regard this as important. In fact, it may be precisely these differences in treatment protocols and therapeutic mechanisms that help to clarify differences in individual responsiveness and explain the inconsistent and sometimes contradictory findings between studies. Without thoroughly considering mediators in prediction models we run the risk of masking potential predictor effects. We argue that it may be only when we determine the mechanisms activated in differing treatments that clear predictors and moderators will emerge.
Given that ACT draws on the psychological flexibility model as its theoretical base, it is striking that none of the studies applied this model to investigating predictors or moderators of outcome. It has been proposed that a focus on theoretically-based mechanisms may be key in guiding more effective treatment development and improving outcomes 37 . Of course, an intrinsic part of effective mechanism requires a fit between mechanism and the problems experienced by those seeking treatment. In this sense, if we are to better understand which treatments work best for whom, then we also need to take a theoretically-driven approach to identifying moderators of outcome. We propose that the psychological flexibility model could provide a framework to guide the selection of potential moderators. As a starting point it may be that high or low levels on facets of psychological flexibility may interact with the facets best addressed in a particular treatment and the intensity at which they are addressed. For instance, (a) a person with pain and distress but very good daily engagement may not do well in ACT at all, (b) a person with very low openness may not do well in a treatment unless it helps them to successfully reverse patterns of avoidance, or (c) a person with profound cognitive fusion, distress, and over identification with beliefs about pain and harm may only do well in a version of ACT that helps them to successfully adopt a separate perspective or sense of self-ascontext. Investigating facets of psychological flexibility as possible moderators of outcome may be valuable in developing more targeted and effective interventions for chronic pain.
There were several limitations of this systematic review. Firstly, the majority of the included studies, thirteen of twenty, were not designed to investigate predictors or moderators of outcome. This meant that for some studies, although methodologically sound as treatment outcome studies, the precise methodology adopted for the predictor analyses were unclear and susceptible to bias including selective reporting of positive results (e.g. see Ioannidis 23 ). Further research in this area should explicitly plan relevant methods and consider the problems of multicollinearity and potential mediators when investigating predictors. There is also a risk of publication bias as only published articles were included in the review. Second, this review combined studies of ACT and mindfulness-based interventions due to the small number of relevant studies.
Whilst both falling under the bracket of contextual CBT approaches, the treatment protocols and mechanisms are, to a degree, unique to each type of therapy. One way to address this variability is to consistently examine moderators in relation to specific therapeutic processes, as we suggested. As the body of evidence increases, these interventions should be investigated separately to identify their unique treatment effects and moderators. Finally, the inconsistencies in the methods used to evaluate outcomes prevented meaningfully combining data across trials, and arguably may contribute to the lack of coherence in the pattern of findings. As has been frequently recommended in the chronic pain literature, the selection of appropriate outcomes in a standardized way is of primary importance if we are to effectively compare the efficacy of interventions across trials 10, 16, 43 .
Conclusions
This review aimed to investigate predictors and moderators of treatment outcome in contextual CBT for chronic pain. The findings highlight a relative lack of evidence in this area of research, and even more so a lack of consistency where evidence does exist, with no strong evidence to suggest any one predictor or pattern of predictors of outcome. Overall, we conclude that whilst many people with chronic pain are likely to benefit from contextual CBT for chronic pain, another proportion will not, and we are not yet able to precisely predict how much benefit is likely for whom.
Some of the most persuasive results identified that higher levels of emotional distress at baseline may predict better outcomes, yet even here results were not fully consistent. It seems likely that the impact of baseline emotional functioning may vary across different treatment approaches and outcome domains. We highlight that it may actually be differences in mediators or therapeutic mechanisms that clarify these apparently inconsistent results in both this and other domains of predictors. We argue that if we are to better understand which treatments work best for whom, then we need to take a theoretically-driven approach to examining both moderators and mediators of outcome. We propose that investigating facets of psychological flexibility as possible moderators of outcome may be valuable in developing more targeted and effective interventions for chronic pain.
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Kaplan 
Pain (NRS 0-100):
History of recurrent depression = ns
Fatigue (NRS 0-100):
History of recurrent depression (+). History of recurrent depression moderated pre-to posttreatment changes in pain reactivity for fatigue (RD x Group x Time x Δ Pain F = 6.56, p < .0002).
Morning disability (Rated 1-5): History of recurrent depression = ns
Interpersonal stress (4 domains: spouse, friends, family, work) (rated 1-4):
History of recurrent depression = ns
Serene affect (rated three adjectives describing serene affect on 1-5 scale):
Anxious affect (rated four adjectives describing anxious affect on 1-5 scale):
History of recurrent depression = ns Week 
Pain-related anxiety measure (PASS):
Effect size similar between groups.
Functional measure (sit-to-stand task performance):
Being highly disabled (-). Standard group achieved higher effect size. No p values reported.
Usual pain intensity (NRS 0-10):
Being highly disabled (-). Standard group achieved higher affect size. No p values reported.
Pain-related distress (NRS 0-10):
Effect size similar between groups. Setting: hospital outpatients Form: Group, 5 to 8 participants. Facilitator: Doctoral-level psychologists, advanced doctoral student and predoctoral students. Content: Mindfulness-based emotion regulation therapeutic program, drawing on MBSR. Skills to reduce negative impact of stressful life events and illness burden and enhance positive social engagements despite pain and stress. 10 minute meditations in sessions and for home practice. Intensity: 8 week intervention, 2-hr weekly sessions.
Rosenzweig
Comparison: CBT for pain Control: Education group.
Daily diaries over 30 days postinterventio n.
Pain (NRS 0-100):
History of recurrent depression (RD): ns.
Positive affect (Positive and Negative Affect Schedule):
History of recurrent depression (+) Time X Group X RD interaction, F(2, 121) = 8.63, p < .001. Those with history of recurrent depression in the mindfulness condition showed greater increase in positive affect than participants in other groups. D = 0.78
Negative affect (Positive and Negative Affect Schedule):
History of recurrent depression (+) Time x Group x RD interaction, F(2, 121) = 6.51, p < .01. Those with history of RD in the mindfulness condition reported greater decreases in negative affect than participants in other treatment groups. D = -0.89
Depressive symptoms (six items rated yes or no):
Time X Group X RD interaction = ns.
